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ABSTRACT 

The Sengiley section (Middie Volga Région» Russia) provides one of the 

most complété late l’alaeocene sedimentary sequence wirh well-preser\^ed dîa- 

toms, silicoflagellates, and radiolarians. I hree zones of régional zonal scheme 

(Kozlova 1994) based on radiolaria werc distinguished In the sédiments: 

Buryella tetradicUy Tripodiscinus sengilensis ̂Petatospyris foneolam zones. Based 

on diatom régional scheme (Strelnikova 1992) Trinacrtii venîriculosa and 

Hemiaiilus periptertis zones were recognised. Aithough assemblages of siii- 

ceous microfossils strongly differ front the oceanic coeval associations, the 

précisé âge of the boréal zones was determined on the basis of direct corréla¬ 

tion wich standard zonal scales of diatoms, silicoflagellates and radiolarians. 

For example, from sédiments of Petalospyris foveoUita zone, severai spccies 

described by Nishimura (1992) from ihe upper part of the Bekoma campe- 

chemis standard radiolarian zone of the North-West Atlantic were found and 

allowed us to corrclate thèse rwo zones. Two zones of the standard oceanic 

diatom scheme (Bai ron ik Baldauf 1993) {Hem/aulus peripterus and 

Hemianlus incurvus zones) and standard silicofiagellate Maviculopsis constricta 

zone w'ere distinguished in the Sengiley section, Siliceous-terrigenous 

Palaeogene sédiments of the Middie Volga can be considered as rypical sédi¬ 

ments of the marginal epicontinenial bavSÎn. Siliceous assemblages of the 

Sengiley section are ver)' close to assemblages from Lulinvorr and Serov for¬ 

mations of the West Siberia and the eastern Unils slope, Fur Formation and 

Sambian Formation of North-Easc Europe» aithough the geometry of 

connections berween these basins during late Palaeocene is siill  not ciear. 
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RÉSUMÉ 
Microfossiles silicetix paléogènes de la région de Li moyenne Volga : stratigraphie 

et paléoécobgie. 
La coupe de Sengiley (région de la moyenne Volga, Russie) présente une des 

séquences scdirnentaires les plus complètes du Paléocène supérieur avec des 

diatomées, radiolaires, silicoflagellés bien con,servé.s. Trois zones de la zona¬ 

tion régionale (Koziova 1994). fondée sur les radiolaires, sont distinguées 

dans Ica sédiments * zones à Bitryclla tettadica ̂Tripodheinus sengHensis, 
Petalospyris fbveolata. Dans l.a zotration régionale à diatomées (Srrelnikova 

1992), les zones à Trinacria mnrtadosa and Hetniaulns peripicriis sont recon¬ 

nues. Bien que les assemblages à microfossîles siliceux dilïèrent fortemenr des 

équivalents océaniques, Tige précis des zones boréales a éré déterminé sur la 

base de corrélation.s directes avec les échelle.s régionales standard a diatomées, 

silicoflagellés et radiolaires. Par exemple, pour les sédiments de la zone 

Petalospyris joveolata, plusieurs espèces décrites par Nishimura (1992) dans la 

partie supérieure de la zone sc-andard à radiolaires à Bekotna campechensis du 

Nord Ouest de l'Atlantique ont été trouvées et nous permettent de corréler 

ces zones. Deux zones de la zonation océanique standard à diatomées (Barron 

&: Baldâuf 199^) (zones à Hemiimlus peripterus and IJemiaulus im'unms) et la 

zone standard à silicoflagcllés à Naviculops'ts constricta ont été trouvées dans la 

coupe de Scngiley. Le.s sédiments paléogènes siliceux-terrigènes de la moyen¬ 

ne Volga peuvent être considérés comme typiques de bassin marginaux épi- 

continenraux. Les assemblages siliceux de la coupe de Sengiley sont très 

proche.s des assemblages des formations de Lulinvorr et Serov de Sibérie occi¬ 

dentale et du versant est de l’Oural, des formations de Fur et Sambian du 

Nord Est de FEurope, bien que la géométrie des connexions entre ces bassins 

durant le Paléocène ne soit pas clairement établie. 

INTRODUCTION 

In the Ulyanovsk'Saratov syncline of the Middle 

Volga Région (Fig. 1) widespread early 

Palaeogene seqiience (approximately .300 m 

thick) is represented by marine siliceous-terrige- 

nous deposits widi lilgli  faciès diversity. Previous 

srratigrapliic subdivision ot Palaeogene séquences 

was based in most cases ori the liihological data. 

The âge of these subdivisions and relations bei- 

ween them hâve bcen révisée! by different investi- 

gators more than once (Milanovsky 1940; 

Leonov 1961; etc.). The high abundancc of sili- 

ceous faciès, opokas (kryptogenc sUlceous depo¬ 

sits), the diatomites, siliccous clays and sands 

offer advantage for siliceous microfossils study. 

MOTS CLÉS 

Paléogène, 
biostratigraphy, 

radiolaires, 

silicoflagclJcs, 
diatomées, 

Moyenne Volga, 

Plate-forme est-curopéenne. 
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Palaeogene siliceous microfossils of Volga Région 

Fig. 2. — Lithology and lithostratigraphy of the Sengiley section, stratigraphie ranges of siliceous microfossils, and zonation. 
Schemes of Strelnikova (1992) (diatoms), Locker & Martini (1987) (silicoflagellates) and Koziova (1994) (radiolarians) were used. 

l’his paper seeks to examine the evidence provi- 

ded by siliceous microfossils — dnitoms, silico- 

flagcllates and radiolarians which occur in the 

Sengiley section. Scudy of siliceous micro- 

organisms from this section is very crucial for 

précisé âge déterminations of Palaeogene sedi- 

mentary cycles and for revealing conditions of 

silica accumulation on the northern Peri-Tethyan 

margin. The problem of relations between thcsc 

early Palaeogene biosilica accumulation events 

and régional and global geologlcal events is also 

of great interesi. 

SENGILEY SECTION 

The Sengiley section (Figs 1, 2) is located 7 km 

north-west of the Sengiley (Ulyanovsk Région). 

On chc right bank ofthe Volga River, at an éléva¬ 

tion of approximatcly 300 m above sea level, a 

section of 40 m high cliff  so-called "Granoe 

üklto” was scudied. Up ro the section the follo- 

wing Uthological units were disringuished in the 

studied interval: 

- at the river bank below the clifF siliceous grey 

clays of 7 m thickness; no microfossils found. 
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- siliceous dark-grey sandstones, thin-layered, 

with silica clays lenses, lie at the base of thc 

diatomite clifF; thickness 4-4.5 m; no microfossil 

found. 

- white massive diatomires with layers of lighr- 

grey diatomires, sometimes with glauconite; 

thickness 22 m; in samples 930109-930072 

abundant siliccous microfossils werc found. 

- light-grcy massive clayey diaromites lying 

conform.ibly on the uudcdying unie; thiclcness 

7 m; samples 930072-93057 contatn abundant 

siliceous microfo.ssils. 

- the unconformity separates thc diatomite unit.s 

from ovcrlying sediment.s; they arc represented 

by sandy brownish-green cla\^, siliceous greenish- 

grey sands, brownish sandy opokas, silica dark- 

grey opokas; thickness about 11m. Microfossils 

were not found. 

PREVIOUS STUDY OF SILICEOUS 

MICROFOSSILS 

Zonal subdivision of rhe Sengiley section on the 

basis of radiolarians bas been proposed by 

Kozlova (1984). The age was considered as late 

Palaeocene. Radiolarian zones of diis scheme are 

undoubiedly régional and can be traced in ihc 

boréal epiconcinental Palacogenc of the Volga 

and UraJ régions. 

The study of diaroins of thc Middle Volga 

Région vtas starred in 19th century by Ehrenberg 

(1854), Grunow (1884) and Wirt (18%). Pater, 

diatoms and silicoflagellates Irom tbis location 

hâve been studied by Leonov (1961), Jousé 

(1979, 1982), Gleser (1993, 1995; Gleser et aL 

1977) and Srrelnikova (1990  ̂1992). The lower 

part of the diatomite unie is cerrainly related to 

the Palaeocene by ail invesrigators, but an early 

Eocene age is srill nor excliided for the upper 

part of diatomires. Silicoflagellare assemblages 

from several separated samples from ihe Sengiley 

section were studied and dated by Locker 6c 

Martini (1987) as early Eocene. 

MATERIAL  AND METHODS 

Samples were collected during a field trip of 

Russian Academy of Sciences Geological Institute 

in 1994. 81 samples were examined for diatom 

and radiolarian biostratigraphy, but siliceous 

micro-organisms were found only in 55 samples 

from che diaromite units of the section. Sampling 

interval wa-s approximately 50 cm. 

Approximately 5 g of sample was crushed 

mechanically and placcd into an 400 ml bcalcer. 

l'hcn samples wctc processed by 15'mJnutes boi- 

ling in hydrogen peroxide. The procedure of 

cepcatedly filling  and decanring the bcakers with 

distillcd waicr and allowing 2 hr scctling was 

used to remove Chemicals and clay minerais. 

Slides for radiolarian study were prepared on 

24 X 24 mm cover glasscs and mounted in 

Canadian balsam on 24 x 80 mm glass slides. 

Radiolarians wcrc examined at X 400. Spccies 

wcrc rccorded as abundant (A) if more titan 

10 spécimens were présent in the slide, common 

(C) if 3'10 specimeits occurred in the slide and 

rare (R) if  1-3 .spécimens were found. 

Strevvn slides for diatoms werc prepared by sam- 

pling che suspended residuc with a pipette sprea- 

ding il  on 18 X 18 mm covet slide and mounting 

in Elyashev moumirig medium, iliatoms were 

examined ar X 500. Species identification was 

checked at X 1250. Somc .samples wcrc studied 

in SEM *T.’arnbridgc Srcrcoscan" microscope. 

Relative abundance of taxa represented in the 

range charr is reported as abundant (A) when 

20 spccimens are présent in one horizontal tra¬ 

verse ac X 500, common (C) when 3-19 spéci¬ 

mens are présent at each traverse, few (F) - 

1-2 specimens in each traverse, rare (R) — less 

chan one specimen in each traverse. 

STRATIGRAPHY 

Rapiolaria 

Using radiolaria, the section was subdivided on 

che basis of rhe boréal zonal scheme of Kozlova 

(1994). The zonal succession is Palaeocene 

(Fig. 1, Table 1 ). 

Buryell/t tetradica zone 

The assemblage is moderately preserved and 

contains Buryella tetradica Foreman, Theco- 

sphaera rottmda Borissenko, Spongotrochus puter 
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Table 1. — Stratigraphie distribution of radiolaria in Sengiley section. A. abundant (20 specimens are présent in one horizontal traverse examined at x 500); C, common (3-19 spé¬ 
cimens are présent at each traverse); F, few (1-2 specimens In each traverse); R, rare (less than 1 specimen in each traverse). 

AGE ZELANDIAN  
ZONE BuryeUa 

tetradica 
Tripodiscinus sengilensis 

' Species / sampla number 109 108 107 106 105 104 103 102 101 100 99 98 97 96 95 94 93 92 
' Burva'da teuadea C C C R 
LophophsôTxa curta R R C C R R 
Plectodiscui: ïo\ch\li(rna C C C R R 
SoonoodiçcüS an\enc3nus A A A A C 

' SDOnoüdi^cuii vlina C R C C C R 
SpoDQOirrichijs C C R R 
SpoDQotrocttus sp ah Trainodiscus cleve A C 
SponaQirocnus aH heiinr/BS A A A A A A C C C 
Sponpninychus pacfani’i R R R R 
Spongcfnjchu^:, polcr C C C 
Thecosonacra rviunda R R R 
Tripodiccinus- seupiten^i  ̂ C C C C C R R R 

1 Tripodiscinus Slbirii Üf^ R R R R R R R R R R 
Tripodiscinus irifcpalus’ R R _, R 

uj 

AGE ZELANDIAN-THANETIAN  
ZONE Tripodiscinus sigilensis 

specles/sampie number 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76 75 74 
Anthoevrtoma fr/zzetf R R 
LarnocatpiS smih C R R 
Lophophasna curta -1 R -- R 
Phormocv*tis- ^ailcuia C R 
Plectodtscus t0tc^i//nae C R R 
Sponaoftoenue atf tietioides C R C C 
SponQomeits&a tamaria R R R 
Tropodiscinus UHobafa  ̂ C C C R C R R R R R R R C 
Tripodisanus sengilensis 1 H 1 R R 

AGE_^_ZELANDIAN-THANETIAN_^_THANETHiAN 
ZONE_Tripodiscinus sigilensis____Petalospyris foveoîata 

species/sample number 73 72 71 70 , 69 68 67 66 ; 65 64 63 62 61 60 59 58 57 
^ I ' C C C 

Boirvofreira esns C R C R 
CfaihrccvcJX exisnss R R 
Ciathroyj'çias iipm^nü R R 
C/ar/jrocvctôs lonalsolna A -1 -1 

Dipiocvctas comuta runievae C R R A R C C 
Dipiocycias pseu(Sjùicorona 
Dseudobiccrone R C C R C 
Penviaiuru'/ aumif^icdv R R R 
Peta/osovris toveoma R R C C C C R 
SoonQaetôTiscuç- otnziipfm R R C R 
Sponaùnieîvssa îê/pàrid C R R R R C 
SDondome/isaa numa ni/ma R C C 
Sponopifoenus nativus praecox A 
Stvlodyct\>a hadastonensh R R A R C R 
Tripodiscinus trUobàtuS R R 3 
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Kozlova, Trifwdiscinîis sibiricus Kozlova, Spongo- 

discus americamis Kozlova, Spongodisms phrix 

Gorboveiz and Lophophaena curta Kozlova. The 
base of rhe zone was tint oKserved in the section. 
The upper boundary is deterinined by the appea- 
rance of Trîpodischms sengilensis Kozlova and 
Plectodisciis totchUinae Kozlova. 

Tripodhcintis sengilensh zone 

Radiolarians are abundant and wcll-preserved. 
The most common are: Tripodiscimts sengdemii 

Kozlova, T. trilohatm Kozlova, Lophophaena 

curta Kozlova, Spongotrochus paciferus antiquus 

Kozlova, 5. atf. Troehodiscus clevêl (Ko7.1ovâ), 
S. aff helioidei Clcve, Spongodlscus americü^ius 

Kozlova & Gorbovetz and Pl^ctodiscus tochilinae 

Kozlova. Sponolrocbus alveatui Riedel & 
.Sanfilippo, Tripodiicinus sibirirus Kozlova, 
Stylodiciya churlestonemis (Clark Campbell), 
Anthocyrtoma frizz-eli Nishimura and PeriviaMri^.) 

dumitriiae Nishimura occur rarely. Common 
Larnocalpis smill Middour and Phoonocyrtis reti- 

cula Kozlova & Gorbovetz were found in rhe 
upper part of the zone. The upper boundary of 
the zone is very sharp and determined by the 
appearance of Petalospyrh fnveolata Ehrenberg, 
Diplocyclas cornuta runjetw Kozlova, D. pseudo- 

bicorana pseudobkorona Nishimura, Spongo- 

melissa numa numa Kozlova, Clathrocyclas 

longispina Clark & Campbell and Spongotrochus 

nativuspraecox Kozlova, 

Petalospyris fbveolnta zone 

Radiolarians are diversifîed and well-preserved. 
The most abundant are: Petalospyris foueolata 

Ehrenberg, Dyplotyelns cormaa nmjevae Kozlova, 
D. pseudobicorona pseudohicorona Nishimura, 
Antocyrtoma pizzeli Nishimura, Botryornetra osha 

Kozlova, Spongomelissn ternaria Kozlova, S. nurna 

numa Kozlova. !n the lowct part ol rhe zone 
Clathrocyclas longispina Clark Ôc Campbell, and 
Spongotrochus nativus prnecox Kozlova are abun¬ 
dant. Spongasteriscus cruciferus Clark & 
Campbell, Clatrocyclas extensa Clark & Campbell 
and C. lipmanii Kozlova are rather rare. 

Diatom.s and silicoflacellai ks 

Pronounced taxonomie changes in diatom 
assemblages observed in the middle part of 

Sengiley diatomites (Eig. 1, Table 2) allow us to 
distinguish frum the base and upsection two 
zones of the zunal scheme for the Northern 
Hemisphere sensu Srrelnikova (1990, 1992). 
Trinacria ventrkulosa zone is represeiited bv com¬ 
mon TriceTatium mirabiU' Jousé, Trinacria ventri- 

culosa {A.  Schmidt) Gteser, Pyxidicula ferox 

(Grevillc) Strelnikova & Nikolacv, Crunôwiella 

gernmata (Grunow) Van Heurck. The assemblage 
of the flemiaulus proteus zone consists of 
FJendaulns inatrms Shibkova» H. proteus Heiberg, 
H. incisus Hajos, H. frrgidtts (Grunow) Fenner, 
Soleufii eX'SCulptum Heiberg, Taceratiurn heihergii 

Gombos, Craspcdodiscus moelleri A. Schmidt, 
Aulacodiscus suspectus A. Schmidt, Grunowiella 

palaeocaenica Jousc and Cyiindrospira sirnsi 

Mirlehner. 
Bcsides thé siratigaphically important species 
enumcraicd above, diversifîed représentatives of 
the neritic diatom flora of epicontinental basins 
.ire présent in both zonal assemblages. A lull ILst 
is shown in the Table 1 and in the taxonomie 
appendix. 
Silicoflagellates (about 10 taxa) are common 
throughout the wholc section. For stratigraphie 
subdivision, the zonation of Locker & Martini 
(1987) is applied. The appearance of memhers of 
the ITavicttlopsis genus (including N. constricta 

(Schulz) Frcnguclli, N. robusta Deflandre, 
N. danica rcrch-Nielsen) defines Naviculupsis 

constricta zone (upper Palaeocene-eavly Eocene). 
Corhîsema disymmeiricû Bukry is présent ihrou- 
ghout the whole section. According to Locker & 
Martini (1987), this stratigraphie inrerval corres¬ 
ponds to the NP4-NP9 nannoplankion zones 
and so gives as the po5.sibiIiry to restnet the âge 
of the diaiomite unit by the Palneocene. Less 
pronounced chan diaroms one, change in taxo¬ 
nomie composition is related to the middle part 
of the section. This reconstruction includes the 
last appearance of Dittyocha elongata Gleser and 
the firsT appearance oï Naidculopsis punctilia 

Perch-Nielsen. 

PALAEOECOLOGY 

Radiolarian assemblages are well preserved and, 
for the epicontinental setting, diversifîed (33 spe- 

434 GEODIVERSITAS * 1999 • 21 (3) 



G
E

O
D

IV
E

R
S

IT
A

S 
• 

1
9

9
9 

• 
21 (3

) 

Table 2. — Stratigraphie occurrence of diatoms and sillcoflagellaîes in Sengiley section. Legend: see Table 1. 

Diatoms/Samples 109 108 107 106 105 104 103 102 101 100 99 98 97 96 95 

-r 

94 93 92 91 90 89 88 87 86 85 84 

Aulacodiscus distinquendus R i  R R 

Aulacodiscus probabfJis H H R 

Briaaera sibirica R R F R R R F R R R R R R R R 

CostopyA  ̂arf/oua R R i 
Eunotoqratr.rrs \/af4dbi1e R R R R R R R R R R R R 1 R R , R 

Euno\Dgranirré weissU F F F R C 1 

~3rün6w\eïîa ae<vmsi£ ~Ar ~C~~ "TT^ A C C F C F F ~F ~C C F F C “C A C C A A 

HemiauKJs friqiQa C R R R R R C R R R C R C R R R R R R R R R R R R 

Hem^au^L• s awbrguus F R 

HëmJa~üiu& daoïcus ~ir~ -p- R H R 

Hemiaulos tncL'A'us- R 

Hem}aulus rossfcus 
- 

F F 

Hyalodiscos radistt'S R R F R R R R F R R R R R R R R R 

Kentrodisevs fos$))is R H R R 

Lisitz fi^a d^tancr/i' -1 R R 

Odonîoîrctxs caftna^s R R R F F F F F F F F R F F R R R R R R R R R 

! Odontatropis costara R R R R R R R R 

Paralia CiV.nufata R F F R R R R R R R R R 
Paralia orunewv/ F F R R R R R F R R R R R R R R R 

Paralia sulcata R F R R R F F F F F F F F F F F F F F F 

Probosàa cretacea F F F F F F F F F F F F F F F F F F F F R R R R R R 

Pseodopodasira sp- 2 F R 

Pseudopodos^xB rtesfV F R R R R R R R R R R R R R R F F F F F F 

Pseudosticlod^cus argulaîus R R R F R R R R R R R R R R R R R R H H 

Pterothecs maicr R R R R R H 

Pyxid^-juia feroA C C C C C C C C C C F F F F F F F F F F F F 

Rattrayalla oamarnensiS R R R 

Rhaphoneis morsiana 
Rhaphonbun simbirskiana R 

Rhizosohnia hahblala R 
Stellarifti<'i niiomtons, F R F F R R R F F F F F F F F F F F F F F F F F F F 

Thalaa&fosiin 1 R R 

Tbalar.sicslropsis yifUOana C C C C C C C C C C C C C C C 0 C C C C F F G C C C 

Triceraiium Ûoa R 

Tricerativm kinkaïf R R F R R R R R R R F F F F R R R R R R C C C C C C 

C C C C A A C A A A A A A A A A A C C C R R F R F F 

Tricefatsud) k-^'^tncvla^v F C F F C F F F F F F F R R F R R F F F R R F R R R 

Trinacna pHeolus R R R R R R R R R R R F R R F F F F F F R 
TrochosVa spinosa R R R R R R R 

Silicofiacieliales 
Corbisama disvmmeinca 
commi/nis 

R F R F F F R F F F F F F F F F F R R R R R R R R R 

Corbisema has^*at3 basfata F F F R R F F F F F C C C C C C C C C C 
CorbiSems oS'ibulata R R H R F H 

Corbis-spia inem^-s inerniis R R R R R R R R R F F R R R R R R R R F F F R R F 

Dictyoeba elonçafa C F F F F F F F F F C C C C C C C C C C F F R F R R 

Dictyocha R R R R R R R R R R R R R R R R 

Dictyocha precarents R R R R R R R R H R R 

Navicuiopsis constneta R R R R R 1 R R R 

Naviciitopsis danica R R R 

Navic\nopsis roDus\a R R l3_ R H H H H H H H R 1 R R 
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4  ̂
C  ̂

1 Diatoms/ Samples 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 
1 AulacodiscüS dfstinguendus R R R R R R R 
Aulaœdiscus prvbaùHis 1 R R H R R H H R F F F R R R R R 
Aulacodiscus schmidti ̂ R H H F R R R 
Aulaoodiscua suspecfus 1 R H R F F ^r~ C C C ~cr~ ~c ~r~ A A r~ 
Briqpera sibiriM F R R R R R R 
Craspedodiscus moeliari F F F F F c A A C A A c C A A F 
Cylindrospira simsi R R R C 
EunoTOQramma variabile H H R 
Eunotoprammà weissU R R 
Fenestreila antiQua R R 
Grunow/etta gemmata C G G F F F R F F F F F F F F F F F F c F F F F F F F 
Grunowiella palaeocaenica R C C C C C C C c C C c C C C F 
Hemiaulus ambtguus R R R R R R 
Hemiaufus arcticus 
var. bornholmensis 

F R R R R C R R R R R R R R R R R R 

Hemiaulus cun/atuius F R R F T”  F F F F R R 
Hemiaulus danicus R R R R R R 
Hemiaulus frigidus H R H R H R R R R 
Hemiaulus incisus H H H R R R R R R R R R R R R R R R R R R R R R R 
Hemiaulus incunfus R R 
Hemiaulus protevs F C C C C C C C C C C C C C F A A A C A C c F 
Hemiaulus rossicus R R R R -1 
Hyalodiscus radiatus H H R R R R F R R R R F R R R R F R R R R R 
Kentrodiscus fpssiiis R R 
Lisitziniâ àtstanovlf R R R 
Odontotropis cannata R R R R R R F F R F R R R R R R R F _R__. F R R 
Odontotropis cnstata R R [ • R 

... 

Paralia cronalala R h h G G C F F R R F “FT “FT"  “R “F^ R : R “R R “Fr TT 
Paraha grunowii 1- h R F F F F F G G G R R R “FT- TT R “F^ “TT  
Paraifa sûlcà'ta h G G A A A A A F F F F A A A “A~  -pr— A ~A “R“  
Probosda cretaceé 1 R R R “1^ R F R R ' F F R F F F R ~R "TT TT "TT ~R~ ir~ 

' PseudopDdosîra sp. 2 h h R  ̂ R 
Pseuoopodusira westii h h A A G G G F F R R R R R R F R ^R F R R R R R R R 
PseLxicxstic^dsc'js arH^ulatus H H H H R R R F R R R R ~F~ “F R R ~r~ R R R R R 
Pterorbecà major R R R “FT R 
Pyxidlcülà môelhr! R F F F F F F F G C C C C F F F F ~u~ “cr C ~r~ R 
Rattrayella 3ansariMos\s F R F 
Rattrayelia rcwndata R R R R R R 
Rhaphpneis morstege F R R R R F R R 
Rhaphoneis simbirskiana F F F R F F F F R F F F F R F C C C F F R 
Rhizosolenia hebetata R R R R 
Solium exsculptum R F F F F F F F F R R F F F R R F F F R R F F F R R 
Stellarima microtrias R h F F R R R F ^ F_ F R R F F R R R F F F R R R 
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cies were dctermincd). Different radiolarian spe- 

cies dominatc the assemblage in spécifie strati¬ 

graphie intervals. hor example, specimens of 

Sporigodisciis umerivanus Kozlova & Gorboverz 

dominatc in the lowcrmost part of section 

(samples 109-104), 'rripociiscinus sengilensis 

Kozlova in samples 106-101, Spongohvchin 

helîoida (Cleve) in santplc.s 99-88, Tripodheinm 

trilohntus Ko/lova in samples S7-75, Antho  ̂

cyrtonui frizzeli Noshiniura and Petahspym foi^ea'- 

lata Ehrenberg in samples 65-60. Generally, in 

the lower part of diatomicc unit, représentatives 

of the Spongodiscidac lamily (généra 

Spnngüdiscus and SpongoLrochuA and Irisso- 

cyclinae iarnily (genus Tripodiicinus) are domi¬ 

nant, and in ihc upper part of diaromites speci¬ 

mens of tlie Cyrtidav (généra Diplocyclas  ̂

Clathrocycla ̂and Anîhocyrtoma) and ol the 

Spyridae (genus Petalospyris) dominatc. The 

grcatest change of thé assvxiation can be obser- 

ved at the stratigraphical level of samples 72-67 

(Fig. 2), on the boundary between the Tripo- 

dischius se7igilensis and Petalospyris fot'eolata 

radiolarian zones. 

Diatom assemblages are well preserved and taxo- 

nomically diversified too. represented mainly by 

robusi, large frustules of diatoms. About 60 taxa 

of diatom W'cre decennined. The diatom assem¬ 

blages arc dominated by species t)'pical tor neti- 

tic environment. Fully planktonically living 

species arc represented by généra TJemiaulus, 

Rhizosoletua, Proboscia. Thalussiosiropsis and 

Trkeratlnm. 

In the upper part of the section (samples 80-71) 

a taxonomie turnover in diatom assemblages cor¬ 

rélâtes wiih relative increase of the Paralia sulcata 

(Ehrenberg) Cleve group. le is possible diai ihese 

changes restify the transition to the coastal, .shal- 

low'er environment. The same trend is reflected 

in the increasing of clayey material content in 

the upper part of the section and in the change 

of diatpmites colour from white to grey 

DISCUSSION 

Stratigraphic issues 

The précisé âge détermination of siliceous 
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Fig. 3. — The stratigraphie position of the diatomites of the Sengiley section and corrélation to standard and régional zonal schemes. 

microfossil.s associarion.s from the diatomite unit 

of the Sengiley section is very important to 

understand the stratigraphie position oF the 

Middle Volga sÜiceous sediment.s (Fig. 3). 

Présent knowledge of stratigraphie ranges of 

Palaeoccne dratoms and radiolarians is very liini-  

ted, espccially for the epieontinentaJ basitis. As a 

rule sediment.s do not contain any calcareou.s 

plankton and do not hâve not any pulaeomagne- 

tic data. 

Bcsides in the Volga Région, rhe Bnryelld tetnl- 

dica radiülarian zone can be distinguished in chc 

North Prccaspian Basin; the Tripodiscinm sengi- 

lensis zone can be observed in rhe Serov 

Formation of tlie eastern Ural slopc and of the 

western Siberia; and the Petidospytis faveolata 

radiolarian zone can bc recognised in the Irbii  

Formation of ihc eastern Ural slope (Kozlova 

1984). These radiülarian zones are ihus régional 

and can be traced across a wide lerritory. 

Radiolarian zones distinguished in this paper 

were referred to the upper Palaeoeeiie by Kozlova 

(1994) on the basis of a few species common to 

the associations Irom the Guif Mexico 

(Foreman 1973). 

\Ve suggesr thar the Bi^ryella tetradica and 

Tripodiscinus sengilensis zones are relaied to the 

lower Bvkouta campvchensh zone of ihe standard 

radiolarian icale. in regard of the presence of 

Buryella ttimdicd Foretnan, l'hecdsphiiera ronwda 

BorLssenko, Spangodisetis amerîcanuy Kozlova ÔC 

Gorhovetz, Spoiigotrot'hui ttlpcdtus Riedel 6c 

Sanlllippo and Penviator (?) dumitricai Nishimura. 

Bascd on the presence of DiplinycLîs pseudvbi- 

coninn pseudobicorona Nishimura, Spoitgasttriscus 

rruciferus Clark ÔC Campbell and Antho- 

cyrtoniit (?) frizzelli Nishimura, the Petalospyris 

foveoLtta zone .seems lo correspond to the upper 

part of Bekoma cdmpechensis zone of the 

Northwest Atlantic and, cornespondingly, to the 

CP5-CP6'lower CP7 nannoplankron zones 

(Nishimura 1992). 

A similar piciurc is obiaincd Irom the diatom 

stratigraphy. 'fhc samc succession of diarom 

assemblages ( Trinacria venlriculosa and 

Hemiaulus protem zones) is typical for the whole 
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regioti:, being reporied from the boundary inter¬ 

val bervveen the Jower and middie parts of the 

Lulinvorr Formation (Pur and Taz River basins) 

of western Siberia, the îrbit and Serov (ormarions 

of the eastern Lirai slopc (Proshkina-L^avrenko 

1974). Unforiunately, the précisé âge of tliese 

régional subdivisions remains unclear, for they 

can still not be correlated with the standard zonal 

schemes of calcareous microplankton. 

Strelnikova (1990, 1992) puis the foregoing 

zones into the latc Palacocene. Gleser (1994, 

1995), che firsr vvho discinguished these zones, 

considered the lower zone as late Palaeocenc and 

upper one as early Eocene. But, it is clear now, 

that for the subdivision of the Sengiley section, 

standard diatom zones, which werc dircctly cor- 

related wlih nannoplankton zones in sections 

from Southern Indian Occan (Fourtanier 1991; 

Barron ik Baldauf 1995) can be used (Fig. 3). 

The taxonomie composition of the upper 

Ht^mifzuhis proUi^s zone is like that of the 

Hemiatilus incurvus standard zone. The sharpiy 

diiferent assemblage of the lower Trinucria tm- 

trtadosa zone allows us to corrclatc this interval 

lo the Hem 'untliisperiptertis zone. Thèse standard 

diatom zones correspond to rhe NP4-NFT 1 nan¬ 

noplankton zones (Fig. 2). However, the présen¬ 

ce in ail associations of the siliconagellate 

Corbiserna disymmetriva Bukry, which i.s known 

only from the NP4-NP9 interval, allows us to 

siiggcsL that the Sengiley diatomites are wiihin 

the Palaeocenc. 

Thus, in ail threc (radiolarian, diatom, and sîlico- 

llagcllate) assemblages, there are a number of stra¬ 

tigraphie markets which can be successfuUy used 

for the stratigraphie subdivision of early 

Palaeogene sédiments and for the refinemeat of 

Palacocene diatom zonation. These the diatom 

spccies Ai4Ltcodiscu% sus>p€ctus A. Schmidt, 

Hemhwlîis prokus Heiberg, moelleri 

A. Sedrmidt, Cylhulraspha shm't Mitlehner; and the 

radiolarian species Tripodhchitn sengilensis 

Kozlova, T. trilohatus Koziova, T. sibirkus Ko/lova, 

Petalospyris foveol^ita Ehrenberg. P. fhccUa Kozlova, 

etc. Until now, these radiolarian species hâve not 

been found in open océan sédiments. 

Palaeogeographic issues 

During the middle-late Palacocene, the Middie 

Volga Région vvas a shallow-water, highly pro¬ 

ductive marine basin with siliceous sédimenta¬ 

tion. It is obvious that Palaeocenc sédiments of 

the Middie Volga Région are accumulated in the 

great guif of the epicontinenral sea, via an inten¬ 

sive iipwelliug proces.s. L3istanov (1968) suppo- 

sed thaï diatomites niay be accumulated in 

marginal pans of palaeodelias. It is possible also 

that diaromite accumulation took place only on 

topographie highs of subbottom relief, 

l’hc main pcculivirity of the siliceous micropJank- 

ton assemblages is their provincialistn. The taxo¬ 

nomie composition of the associations differs 

strongly from coevul oceanic assemblages. Deep- 

sea diatom Palacocene a.sscmblages, restricted 

generally to the Southern Hémisphère (Fcnncr 

1991; Fourtanier 1991) differ caxonomically 

from epiconcinental assemblages duc to palaeo- 

ecological and palaeogeographical différences, 

and préservation factors. Epicontincntal diatom 

assemblages of the Northern Hemisphere are 

highly diverse due to high percentages of mero- 

planktnnic species. 

Althûugh Palacocene diatom as.semblages from 

the Southern Hemisphere and Volga Région dif¬ 

fer srrongiy, rhe présence of cominon spccies sug- 

gests a connection bctvvccn thc.se arca.s o( the 

World Occan, possibiy through rhe Terhys and 

East Atlantic. The geography of tlie connection 

between Middie Volga Région and West Siberian 

ba.sins (includmg the eastern Urals slope), and 

the Noriii European basins (Fur Formation, 

Denmark and Sambian Formation, Kaliningrad 

Région, Russia) with biosilica sédimentation 

(Strelnikova et al. 1978; Fenner 1994; Mitlehner 

1996) is not srill clear. 
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APPENDIX 

DIATOMS 

Actinoptychtis sp. 

Aulacodiscus distingueiidus Hustedt (1958) — 

Homann 1991. pl. ! ■» fig. 4. 

Aulacodisciis probabilis A. Schmidt — Homann 

1991, pl. 4, % 3-5 (Fig. 7K). 

Aulacodiscus schmidtii Win (1886) — Aula- 

codisciis sepuis A. Schmidt 1. septvs A. Schmidt 

Srrelnikova 1974, pl. 19, (igs 1-6, tah. 20, figs 1- 

5. (Fig. 7F). 

Aulacodiscus suspectas A. Schmidt (1876) — 

Flomann 1991: 37, pl. 6, Figs 1-5: pl. 7, Figs 1-3, 

5 1= Coscimdicus josefinus Grunow — Strelnikova 

et al. 1978, pl. 15, Figs 1.2] [= Coscinodisais iira- 

/i’/n'A fousé — Proshkina-Lavrenko 1949: 73, 

pl. 24» fig. 4 (Fig. 6K)1. 

Briggera sibirica (Gainow) Ross ôc Sims, 1985: 

300, pl. 3, figs 1-7. — Homann 1991: 74, pl. 8, 

Figs 1-11 [= Riddulphia tuomeyi (Bailev) Roper 

var. tridenut Jousé — Strelnikova et aL 1978, 

pi. 17> Fig. 5 (Fig. 5D)]. 

Coscinodiscus anissbnovae Gleser & Rubina, 

1968.* 153. pl. 1, Figs 1-6. — Pro.shkina-Lavrenko 

1974, pl. 38, Fig. 8. 

Coscinodiscus sp. Common occurrence of large 

Coscinodisciis ts rccordcd at the Scngiley section. 

These belong moscly to Coscinodiscus oculus iridîs 

Ehrenberg (1839) group. Coscinodiscus mdiatus 

Ehrenberg (1839) group, and Coscinodiscus argus 

Ehrenberg (1838), 

Costopyxis nntiqua (Jousé) Gleser, 1984; 291 

Stephanopyxis antiqua Jousé, 1951; 46, pl. 1, 

Fig. 3. - Strelnikova 1974, pl. 3, figs 18-20]. 

Craspedodiscus moelleri A. Schmidt (1893) — 

Pro.shkina-l.avrenko 19‘74, pl. 23, fig. 2. - 

flomann 1991: 47, pl- 17, Figs 1-5 (Fig. 6D). 

Cylindrospira sitnsi Miilehner, 1995: 323, 

Figs 3-6, 9-18 [= Pyxilla multiseptata Gleser, 

1995, pl. l, fig. 16 (Fig. 6B)J. 

Eunotogramma variabile Grunow (1883) - 

Proshkina-Lavrenko 1974, pl. 15, fig. 12 

(Fig. 5E). 

Eunotogramma weissii Ehrenberg (1955) - 

Proshkina-Lavrenko 1974, pl. 5, fig. 6 (Fig. 4A). 

Fetiestrella antiqua (Grunow) Swatman (1948) 

- Homann 1991, pl. 18, figs 1, 2, 4, 5. 

Grunowiella gemmata (Grunow) Van Heurck 

(1896) — Fenner 1991, pl. 11, fig. 13 (Fig. 6H). 

Grunowiella palaeocaenica ]o\\sC 1951: 40-4l» 
pl. 4, fig. 5. - Fenner 1991, pl. II, figs 1-4 

(Fig. 61). 

He?nialus ambiguus Grunow (1884) — Fenner 

1994, pl. 6. fig. 17{Fig. 5B, I). 

Hemiaulus arcticus van bornholmensis Cleve- 

Euler (1951) — Fenner 1994, pl. 8, Figs 1, 2 

(Fig. 5F). 

Hemiaulus curvatulus Strelnikova, 1971: 49, 

pl. l, figs 12, 13. - Harwood 1988, figs 12, 13 

(Fig. 50, S). 

Hemiaulus danicus Grunow (1878) - Homann 

1991, pl. 20, figs 1-10 (Fig. 5N). 

Hemiaulus jrigidus (Grunow) Fenner, 1994: 

112, pL 8, fig. 4 (Fig. 5C). 

Heiniaulus incisas Hajos, 1976: 829, pl. 23. 

figs 4-9, — Fenner 1991, pl. 10, fig. 9 (Fig. 5G). 

Hemiaulus incurvas Shibkova in Krotov &c 

Shibkova, 1959: 124, pl. 4, fig 8. - Gombos 

1977, pl. 16, figs 1-7 (Fig. 5A). 

Hemiaultes proteus Heiberg, 1863 - Proshkina- 

Lavrenko 1974, pl, 19, fig. 3. - Homann 1991, 

pl. 24, figs 15-18 (Fig. 5P, R). 

Hemiaulus cf. rossicus Pantoesek, 1889 - 

Proshkina-Lavrenko 1974, pl. 15, fig. 10 

(Fig. 5L, M). 

Hyalodiscus radiatus (O’ Meara) Grunow var. 

arctica Grunow (1884) — Homann 1991, pl. 26, 

figs 3, 6-9. 

Kentrodiscus fossilis Pantoesek (1889) - 

Harwood 1988, figs 16-18 [= Pterotheca sp. - 

Homann 1991, pl. 54, figs 7-9 (Fig. 7G)]. 

Lisitzinia distanovii Gleser, 1995, pl. 1, fig. 5 

(Fig. 4C), 
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Fig. 4. — A, Eunotogramma weissii Ehrenberg, sample 100; B. E. Trinacria excavata Heiberg; B, sample 68; E. sample 58; 
C. Lisitzinia distanovii Gleser, sample 69; D, Triceratium mirabile Jousé, sample 100: F, Triceratium sparsipunctata Jousé. 
sample 67; G. Solium exsculptum Heiberg. sample 58; H. Trinacria regina Heiberg. sample 61; I, Triceratium ventriculosum A. S., 

sample 100; J, Triceratium flos Ehrenberg, sample 100; K, Triceratium heibergii Grunow, sample 58. Scale bar: A, B. D. G. I, J, 
26.6 pm; C, 13.3 pm; E, 28.5 pm; F, 40 pm; H, 20 pm; K, 23.5 pm. 
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Fig. 5. — A, Hemiaulus incurvas Shibkova. sample 85; B. I, Hemiaulus ambiguus Grunow. sample 85: C, Hemiaulus frigidus 
(Grunow) Fenner, sample 67; D. Briggera sibihca (Grunow) Ross & Sims, sample 58; E. Eunotogramma variabile Grunow, 
sample 88; F. Hemiaulus arcticus var. bornholmensis Cleve-Euler, sample 103; G. Hemiaulus incisus Hajos. sample 58; H, J. K, 
Hemiaulus sp.; H. sample 103; J, sample 109; K. sample 109; L, M, Hemiaulus cl. rossicus Panlocsek. sample 67; N, Hemiaulus 
danicus Grunow. sample 88; O. S, Hemiaulus curvatulus Strelnikova; O, sample 58; S, sample 67; P. R. Hemiaulus proteus Heiberg; 
P. sample 58: R, sample 61 ; Q. Hemiaulus sp., sample 75. Scale bar; A-C, E-N, R, S, 20 pm; D, 0-Q, 26.6 pm. 

GEODIVERSITAS • 1999 • 21 (3) 

y ^ 
1 
E. 

% * 



Khokhlova I. E. & Oreshkina T. V. 

Fig. 6. — A. Rhaphonels simbirskiana Grunow & Pantocsek, sample 58; B. Cylindrospira simsi Mitlehner, sample 67; C. Pyxidicula 
ferox (Greville) Strelnikova & Nikolaev, sample 100; D. Craspedodiscus moelleri A. Schmidt, sample 58; E. Pyxidicula ft/ms {Greville 
& Arnott) Strelnikova & Nikolaev. sample 100; F, Thalassiosira sp. 1 sensu Fourtanier, sample 59; G. Pyxidicula sp., sample 74; 

H. Grunowiella gemmata (Grunow) Van Heurk, sample 100; I, Grunowiella palaeocaenica Jousé, sample 58; J, Thalasslosiropsis 
wittiana (Pantocsek) Hasie, sample 100; K. Aulacodiscus suspectus A. Schmidt, sample 58; L. Pyxidicula sp.. sample 58. Scale bar: 

A. H, K, 16.6 pm; B. F, G. I. 20 pm; C, 13.3 pm; D. J, 26.6 pm; E, 28.5 pm; L, 25 pm. 
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Odontotrnpis carinata Grunow (1884) - 

Homann 1991, pl. 27, iigs 5, 7; pl. 28, figs 1-3 

[= Odontotropis danicm Dcbes — Fenner 1985: 

734, pl. 14, fig- 11 (Fig. 71, J). 

Odontotropis crtstata Grunow (1884) — 

Homann 1991, pl. 29, figs 1-5. 

Paralia crenulata (Grunow) Gleser stat. nov. — 

Makarova 1992: 50, pl. 41, figs 1-8. 

Paralia grunototi Gleser stat et nom. nov. - 

Makarova 1992; 51, pl. 41, figs 9-11; pl- 42. 

Paralia sulcata (Ehrenberg) Cleve (1884) - 

Makarova 1992; 52, pl, 43. 

Proboscia cretacea (Hajos & Stradner) Jordan 

& Priddle, 1991: 56 1= Rhîzosolenia cretacea 

Hajos & Stradner, 1975: 929, pl. 7, fig. 1; 

pl. 31, figs 4-6. — Fenner 1991, pl- 1, figs 4-91- 

Pseudopodosira westii (W. Smith) She.shukova 

& Gleser, 1964, pl. 1. figs 4, 5. 

Psettdopodosira sp. 2 sema Homann, 1991: 

134, pl. 54, figs 9, 10. 

Pseudostictodisciis anpilatns Grunow (1876) — 

Fcnncr 1994, pl. 3, figs 12-17 (Fig. 70). 

Pterotheca major ]o\ssé-, 1955: 101, pl. 6, fig. 2. 

- Harwood 1988, fig.s 16, 18. 

PyxîdicHla ferox (Greville) .Strelnikova & 

Nikolaev - Makarova 1988: 41, pl. 23, figs 7. 8 

(Fig.^GO. 

Pyxidiciila moelleri (A. Schmidt) Strelnikova & 

Nikolaev, 1986: 952 \=-Coscinodiscus moelleri A. 

Schmidt - Homann 1991, pl. 10, figs 4-8 

(Fig. 7A). 
Pyxiducula sp. Common occurrence of different 

Pyxidiciila is observed in the upper part of 

Granoe Ukho section. Mosc of these belongs to 

Pyxidicula tnrris (Greville & Arnort) Strelnikova 

& Nikolaev, 1986 group and Pyxidicula corona 

(Ehrenberg) Strelnikova & Nikolaev, 1986 

group. 

Rattrayella oatnaruensis (Grunow) De Ton! 

(1896) — Homann 1991, pl. 33, figs 1-7 

(Fig. 7C). 

RiiW'ayella rotundata (Shibkova) Gleser, 1995, 

pl. 1, fig. 20. (Fig. 7B). 

Rhaphoneis morsiana Grunow in Pantocsek 

(1886-89) em, Homann 1991: 129, pl. 34, 

figs 9-12. 

Rhaphoneis simbirskiana Grunow in Pantocsek 

(1886-89) - Proshkina-Lavrcnko 1974, pl. 15, 

fig. 15 (Fig. 6A). 

Rhîzosolenia hebetata Bailey (1856) — Homann 

1991. pL 36, figs5, 11> 12. 

Solium exsculptum Heiberg (1863) — Homann 

1991. tf. 37, figs 1, 3, 5-7 f- Trinacria exsculpta 

(Heiberg) Hust. — Mukhina 1976, pl. 2, fig. 7 

(Fig. 4G). 

Stellarima microtrias (Ehrenberg) Hasle àc 

Sims, 1986: II, figs 18-27. 

Thalassiosira sp. 1 sensu Thalassiosira ? sp. 1 

sensu Fourtanier, 1991, pl. 1, fig. 12 [= Genus 

and spccie indct. — Schrader & Fenner 1976, 

pl. 33. fig. 7 (Fig. 6F)]. _ 
Thalassiosiropsis ivittiana (Pantocsek) Hasle, 

Hasle Syversten, 1985, 89 f, Abb. 1-41. - 

Homann 1991, pl. 37, figs 8-10 (Fig. 6j). 

Tfdcejatiufft flos Ehrenberg (1885) - Homann 

1991, pl. 44, figs 1, 2, 6 (Fig. 4J). 

Triceratiiun heibergii sensu Gombos, 1977, 

pl. 1, fig.s 1-12 (= Triceraiium caudatum Witt, 

Proshkina-Lavrcnko, 1974, pl. 15, fig.] [= 

Trinacria i7itiricata Gleser, 1995, pl. 1, fig. 4 

(Fig.4K)l. 

Triceratium kinken A. Schmidt (1874-1959) — 

Prosh-kinâ-Lavrenko 1974, pl. 23, fig. 3. 

Triceratium mirabile jousé in Proshkina- 

Lavrcnko, 1949: 166, pl. 6, fig. 5 - Fenner 1991, 

pl. 9, figs 7-10 (Fig. 4D). 

Triceratiîim sparsipunctata Jousé, in 

Proshkina-Lavtenkü 1949: 169, pl. 64, fig. 6 

(Fig. 4F). 

Trinacria veuiriculosa (A. Schmidt) Gleser, in 

Proshkina-Lavrcnko 1974, pl. 18, fig. 12 

(Eig. 41). 
Trinacria excavata Heiberg (1863) — Homann 

1991, pl. 46, figs 1-8; pl. 47, figs 1-6. (Fig. 4B, 

E).  ̂
Trinacria pileolus (Ehrenberg) Grunow (1884) 

— Gombos 1977, pl. 37, figs 3, 4. 

Trinacria regina Heiberg (1863) em. Homann 

1991: 124, pl. 50, figs U7\ pl. 51, figs 1-7. - 

Proshkina-Lavrcnko 1974, pl. 23, fig. 6 

^Fig. 4H). 

Trochosira spinosa Kitton (1871) - Homann 

1991, pl. 17, figs 6-13. 
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Fig. 7. — A. Pyxidicula moelleri (A. Schmidt) Strelnikova & Nikolaev. sample 58; B, RatirayeHa rotundata (Shibkova) Glaser 
sample 79; C, Rattrayella oamaruensis (Grunow) De Toni, sample 87; D, Pseudostictodiscus angulatus Grunow, sample 74 

E, Pyxidicula sp.. sample 58; F, Aulacodiscus schmidtii Witt, sample 74; G, Kentrodiscus fossilis Pantocsek, sample 94 
H, Pterotheca sp., sample 100; I, J, Odontotropis carinata Grunow, sample 100; K, Aulacodiscus probabilis A. Schmidt, sample 88. 
Scale bar: A, 14.2 pm; B-D, G. K, 20 pm; E, 40 pm; F, 13.3 pm; H-J, 26.6 pm. 
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Fig. 8. — A'D. Naviculopsis constricta (Schuiz) Frengueüi; A. sample 74; B, sample 58; C, sample 67; D, sample 58; E, Naviculopsis 
punctilia Perch-Nielsen. sample 67; F. Naviculopsis danica Perch-Nieisen, sample 67; G, Dictyocha precarentis Bukry, sample 88; 
H, Corbisema hastata hastata (Lemmermann) Bukry. sample 108; l, Corbisema hastata globulata Bukry, sample 58; J, Corbisema 
disymmetrica var. commuais Bukry, sample 109; K, L, Dictyocha elongata Gleser; K, sample 88; L, sample 95; M, N. Naviculopsis 
robusta Deflandre; M, sample 74; N, sample 109. Scale bar: A-C, E-N, 20 pm; D, 26,6 pm. 
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Xanthiopyxis s^. l-form 7 sensu Homann 1991, 

pl. 57, figs 14, 15. 

SILICOFLAGELLATES 

Corbiseinn disymmetrica var. coinmunis Bukry, 

1976: 891, pl. 1, figs 5-9. - Perch-Nielsen 1985, 

fig. 11(8) [= Dictyocha navicula Ehrenberg, 

Gleser 1966: 251, pl 9, figs 4, 5; texr-fig. 6(6)] 

[= Corbisema naviculoidea (Frenguelli) Pcrch- 

Nielsen, 1976: 33, fig. 7, 19, 22 (Fig. 8J)J. 

Corbisema hastata hastata (Lcmmermann) 

Bukry, 1976: 892, pl, 4, figs 9-16. — Perch- 

Nielsen 1985, fig. 11 l22, 23) (Fig. 8H). 

Corbisevia hastata globtdata Bukry, 1976: 892, 

pl. 4, figs 7, 8 (Fig. 81), 

Corbisema inerviis inermis (Lemmermann) 

Bukry, 1976: 892, pJ. 5, figs 1-3. 

Dictyocha elongata Gleser, 1960: 131, 132, 

tabl. 1, pl. 2, figs 16-20. — Perch-Nielsen 1976. 

fig. 2 (Fig. 8K. L). 

Dictyocha fibula Ehrenberg (1839) — Perch- 

Nielsen 1985. fig. 15 (17). 

Dictyocha precarentis Bukry, 1976^894, pl. 6, 

figs 6-13v pl. 7, figs 1-3 (Fig. 8G). 

Naviculopsîs constricta (Schulz) Frenguelli, 

(1940) — Perch-Nielsen 1985, figs 26 (6, 7) 

(Fig. 8A-D). 

Naviculopsis datiica Perch-Nielsen, 1976: 35, 

figs 5, 6, 21. — Gleser 1995, pl. 1, fig. 27 

(Fig. 8F). 

Naviculopsis punctilia Perch-Nielsen, 1976: 36, 

figs 26, 27; 1985, fig. 26 (33) (Fig. 8E). 

Naviculopsis robusta Deflandrc (1950) - Gleser 

1995, pl. l,fig. 29 (Fig. 8M, N). 

RADIOLARIA  

Anthocyrtoma (l) Jrizzeli Nishimura, 1992: 

332, pl. 9, fig. 13, 14; pl. 13, fig. 8. 

Botryometra (f) osha Kozlova, 1978: 95, 96, 

pl. VI, fig. 9, 10; pl. XIX,  fig. 3. 

Buryella tetradica Foreman, 1973: 443, 8, 

figs 4, 5; pl. 9, figs 13, 14. - Kozlova 1984, 

pl. XII,  fig, 16 1= Lithocampium sp. A - Riedcl &  

Sanfilippo 1971, pl. 7, fig. 12], 

Clathrocyclas elegam (Lipman, 1958) - Kozlova 

1978. pl. 17, figs 1, 4, 5. — Kozlova 1990; 78, 

pl. XII,  fig. I4. - Petrushevskaya & Kozlova 

1979, fig. 500 [= Theocorys sporta Kozlova in 

Kozlova, Gorbqvetz 1966: 11, pl. 17, fig. 8. 

Clathrocyclas exteusa Clark & Campbell, 1942: 

85, pl 8, fig. 11. - Bjorklund 1977, pl. 21, 

fig, 4, - Kozlova & Corboverz 1966, pk 21, 

fig. 8. — Petrushevskaya &: Kozlova 1979: 131, 

fig. 38b, 504. 

Clathrocyclas lipmanae Kozlova, 1978: 121, 

pl. 6, fig. 3, 6, pl. 17, fig. 12, pl. 19, fig. 8. - 

Kozlova 1990: 78, pl. XII,  fig. 21. 

Clatln^ocyclas longispina C'Iark & Campbell, 

1942- Kozlova 1978, pl. XVII.  

Diplocyclas cornuta runjevae Kozlova, 1978: 

124, pk VI, fig. 1 ,4, pk XJX, fig. 6. 

DiplocycLts pseudobicorona pseudobicorona 

Nishimura, 1992: 340, pk 4, figs 4-6, pk 13, 

%• >4. 

Larnacalpis (f) smili Middour-Kozlova 1978, 

pk IX, figs 3, 5. 

Lophophaemi curta Kozlova, 1978, pk V, figs 7, 

8; pk XIX,  fig. 4. 

Peritiviator (?) dumitricae Nishimura, 1992: 

328, pl. U %. 13-16, pk 11, fig.s 11,12. 

Petalospyris fîscella (Kozlova) - Temtspyns fiscella 

Kozlova in Kozlova & Gorbovetz 1966: 92, 

tabl. XV, fig. 1 |- Hextispyyis sp. — Petrushe\^kaya 

& Kozlova 1972, pl. 40, fig. 6| [= Hexaspyris fis- 

celLi (feizlova) — Kozlova 1978; 89, pk VIII,  fig. 6]. 

Petalospyris foveolata Ehrenberg 8c Kozlova, 

1978: 89-90, pl. 6, fig. 8: pk 8, fig. 10; pk 19, 

figs 9-13. 

Petalospyris tmnidnla Kcïzlova in Kozlova & 

Gorbovetz, 1966:97, pk Xy. figs 10, 11, 

Phormocyrtis reticula (Kozlova) [= Theocorys 

rcticiih Kozlova in Kozlova Gorbovetz, 1966: 

110, pl. XVII,  fig. 7] 

Plectodiscus totchilinae Kozlova, 1984: 206- 

207, pkX, fig. 13. 
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Palaeogene siliceous microfossils of Volga Région 

Spongasteriscus cruciferus Clark & Campbell, 

1942 — Kozlova 1984, pl. X, fig. 16. 

Spongodiscm americaniis Kozlova in Kozlova & 

Gorbovetz, 1966, tabl. XIV, figs 1, 2. — 

Sanfilippo & Riedel 1973: 524, pl. 27, fig. 11; 

pl. 28, fig. 9 [= Spongodiscus americanus america- 

nus Kozlova, 1978: 77, tabl. XIV,  fig. 3]. 

Spongomelissa mima callosa Kozlova, 1978: 

101, pl. XII,  fig. 2; pl. XIX,  fig. 2. 

Spongomelissa numa numa Kozlova, 1978: 

100, 101, pl. XII,  figs 4, 5. 

Spongomelissa (?) temaria Kozlova, 1978: 101, 

102, pl. VIII,  fig. 1; pl. XIX,  fig. 1. 

Spongotrochas alveatus Riedel & Sanfilippo in 

Sanfilippo ôc Riedel, 1973: 525, pl. 13, figs 4, 5; 

pl. 30, figs 3, 4. — Kozlova 1984, pl. XI, fig. 6. 

Spongotrochas helioides (Cleve) - [= Spongo- 

trochus sp. ajf. Trochodiscus helioides Cleve — 

Kozlova 1978: 82, 83, pl. 16, fig. 6]. 

Spongotrochas nativus praecox Kozlova, 1978: 

78, pl. 14, fig. 1. 

Spongotrochas paciferas antiquas Kozlova, 

1978, tabl. XVI,  figs 4,5. 

Spongotrochas puter Kozlova, 1978: 82, pl. 5, 

fig. 10. 

Thecosphaerella rotanda Borissenko, 1960: 

222, pl. 1, fig. 3, pl. 3, figs 2, 3. - Sanfilippo & 

Riedel 1973: 522, pl. 26, fig. 3 [= Thecosphaera 

melitomma Kozlova in Kozlova & Gorbovetz 

1966: 52. pl. VII,  figs 7. 8]. 

Tripodiscinas sengilensis Kozlova, 1978: 104, 

105, pl. V, figs 1-5; 1984; 207, 208, pl. XII,  20. 

Tripodiscinas sibiricas Kozlova, 1978: 103, 

104, pl. XII,  fig. 3; 1984: 208, pl. XII,  fig. 4 [= 

Tripodiscinas tumulosa (Kozlova) - Petru- 

shevskaya 1971, figs 33-V-VI] [= Tripodiscinum 

sp. A - Petrushevskaya 1971, figs XI-XII].  

Tripodiscinas trilobatus Kozlova, 1978, pl. X, 

figs 4, 5. 
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